A large-area, thick plastic scintillation counter (60 em X 60 em x 10.65 em) has been used to measure the energy of stopping 3He nuclei. Energy resolution of the counter was 6'fo FWHM, independent of measured energy. The gain of the counter was electronically stabilized. Average pulse heights for monoenergetic particles varied lo% over the face of the counter, but we were able to correct for this non-uniformity to within 1% using position information from spark chambers. The effects of nuclear breakup on the pulse height distributing have been studied in detail.
IN'IRODtJCTION
We describe the design and performance of a large plastic scintillation counter used to stop and measure the energy of 3He particles. The counter was designed to meet the following criteria: large solid angle; large dynamic range in energy of the stopped particle; layer of 1 mil aluminum followed by one layer of 2 mil aluminum. The non-active area of the counter was further wrapped with black paper and tape. The counter was supported by a rigid iron frame in order to minimize any non-uniform mechanical stressing of the scintillator. In addition, the frame of 1/4-inch iron doubled as an electromagnetic shield over the non-active area of the counter. At the lower end of the scintillator, the frame supported a front surface mirror of polished aluminum, which was separated from the scintillator by a 1/4-inch air gap. ~e mirror was used to improve the uniformity of response of the counter. The upper end of the light pipe, between the phototubes, was covered with black paper in order to reduce multiple end-to-end reflections.
Counter Electronics
Four RCA 4522 Bi-Alkalai photomultipliers were chosen for high quantum efficiency (approximately 28%) and uniformity of response over the photocathode. The 12th dynode of each photomultiplier was grounded so that the analog signal, which was to be pulse-height Using our map in conjunction with position data from our spark chambers, we were able to correct for this non-uniformity of response to wit4in 1~.
Energy Resolution
The counter was tested in a well-collimated, monochromatic (about 0.01% FWHM) 3He beam at two energies: 69 MeV and 130
MeV. In addition, higher energy, tagged 3He particles were obtained from the reaction a + p ~ 3 He + d. Figure 3 shows a spectrum obtained by splitting the 3He beam with a 6 mil copper foil so that half of the beam passed through the foil, while the other half missed. The energy resolution of the counter for 130 MeV 3 He particles was 6~ FWHM. The resolution was also quite independent of energy. These results were puzzling, because previous tests of a smaller counter indicated that the resolution was limited by photostatistics. For the small counter the energy resolution for 130 MeV 3He particles was 1.3% FWHM. We have not been able to account for this discrepancy.
Inefficiencies
A typical spectrum obtained by stopping a well-collimated, monochromatic 3He beam shows a sharp peak from 3He stopping by multiple Coulomb interactions and a broad continuum due to nuclear interactions and scintillator saturation effects, as shown in fig. 4 . We fully anticipated a low energy tail but were quite surprised to find in addition a high energy tail, which we attribute to nuclear interactions in the scintillator that produoe particles which ionize less heavily and consequently produce less saturation in the scintillator. The fraction He counter, showing details of the stabilizing system.
Pulse height spectrum for 3He entering normal to the face at the counter center; half of the beam is covered by a 6 mil copper absorber.
Pulse height spectrum for 3He showing high and low energy tails. The tails are defined as the counts lying below the dashed line.
5. Inefficiency as a function of range in the He counter.
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